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ABSTRACT 

 

 

Testing the stability of correlation structures is an active research area 

involving the applications of multivariate analysis in financial market such as stock 

market analysis, risk management, market equity, general financial and economic 

studies, and real estates. In the financial market, the number of variable p is usually 

large and might reach thousands. As a consequence, the standard stability test Box’s 

M and Jennrich’s statistic are not capable to handle it. This condition makes the 

computation of the statistical tests quite cumbersome and tedious because the 

computational efficiency of finding the determinant and inverse of the correlation 

matrix becomes low.  In order to solve these problems, this thesis introduces          

T*-statistic for testing the stability of correlation structure in an independent 

sequence of sample correlation matrices from a p-variate normal distribution based 

on a repeated test approach. For this purpose, the asymptotic distribution of the test 

under the null hypothesis is derived mathematically using the vec operator and 

commutation matrix.  The power of T*-statistic is computed and compared with 

existing ones under certain conditions of the alternative hypothesis.  It is found that, 

if p is large, then the power of T*-statistic dominates the power of the J-statistic for 

all shifts. On the other hand, when the shift is small, its power is equal to that the M-

statistic. The second problem is to diagnose and find an explanation when the null 

hypothesis is rejected.  For that purpose, by considering correlation matrix as 

representing a complex network, network topology approach is used to demonstrate 

to what extent that two or more correlation structures are different from each other. 

To interpret the filtered network topology, four popular centrality measures have 

been used. Moreover, to enrich the economic interpretation, average of weights is 

introduced as another measure of centrality. 
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ABSTRAK 

 

 

Pengujian kestabilan struktur korelasi menjadi satu bidang penyelidikan yang 

aktif melibatkan penggunaan analisis multivariat di dalam pasaran kewangan 

termasuk analisis pasaran bursa, pengurusan risiko, pasaran ekuiti, kewangan am dan 

pengajian ekonomi serta pasaran hartanah.  Di dalam pasaran kewangan, bilangan 

pembolehubah p biasanya besar dan mungkin boleh mencapai ribuan, Oleh sebab itu, 

statistik ujian kestabilan sedia ada iaitu Box’s M dan Jennrich tidak mampu untuk 

mengendalikannya. Keadaan tersebut membuatkan pengiraan kedua-dua ujian 

statistik itu menjadi sukar dan membosankan kerana kecekapan komputasi untuk 

mengira matrik penentu dan matrik songsang menjadi rendah.  Untuk menyelesaikan 

masalah tersebut, tesis ini memperkenalkan statistik T* untuk menguji kestabilan 

satu barisan matrik korelasi yang saling tidak bersandar daripada p-variat bertaburan 

normal berdasarkan kepada pendekatan ujian berulang. Bagi tujuan tersebut, taburan 

asimptot di bawah hipotesis nul diperoleh secara matematik dengan menggunakan 

operator vec dan matrix komutasi. Kuasa statistik dihitung dan dibandingkan 

bersama-sama dengan statistik sedia ada di bawah beberapa keadaan tertentu bagi 

hipotesis alternatif.  Hasil menunjukkan, bagi p besar, kuasa statistik T* adalah lebih 

berbanding kuasa statistik J untuk semua perubahan.  Selainnya, apabila perubahan 

adalah kecil, kuasa statistik T* juga sehebat statistik M. Masalah kedua adalah untuk 

mengenalpasti dan mendapatkan penerangan lanjut apabila hipotesis nul di tolak.  

Bagi tujuan tersebut, dengan mengambil kira matrix korelasi sebagai mewakili satu 

jaringan yang kompleks, kaedah topologi jaringan telah digunakan bagi 

menghuraikan tentang dua atau lebih struktur korelasi yang berbeza di antara satu 

sama lain. Untuk menghuraikan topologi jaringan, empat ukuran pemusatan yang 

terkenal telah digunakan. Selebihnya, untuk memperkayakan pengukuran, purata 

berpemberat telah diperkenalkan sebagai salah satu ukuran pemusatan. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

This chapter begins with research background in the first section. It aims to 

understand why testing the stability of correlation structure and network analysis is 

important in financial industry.  This section is followed by the details of problem 

statement in Section 1.2 and research objective in Section 1.3. Later on, in the fourth 

and fifth sections, the significant contributions and the scope of this research will be 

highlighted, respectively. In the last section, the organization of thesis will close this 

chapter. 

 

 

1.1 Research Background  

 

Since 1970’s, a lot of studies involving correlation analysis can be found in 

many literatures, from simple correlation analysis to more advanced analysis such as 

correlation structure analysis.  The former analysis can be seen, for example, in 

Makridakis and Wheelwright (1974), Haney and Lloyd (1978), Watson (1980), and 

Maldonado and Saunders (1981) who use it in testing hypothesis that two correlation 

coefficients are equal to each other.  However, in real case, when dealing with high 

dimension datasets, understanding their interrelationships among several variables 

considered at one time is a complicated job. Therefore, the theory of correlation 

structure analysis becomes very important when dealing with related p variables 

where p is large.  
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In recent years, monitoring the stability of correlation structure becomes an 

imperative subject in economic development and financial industry.  It has been 

extensively implemented by various researchers to understand the behaviour of a 

sequence of correlation structures based on independent samples in certain time 

periods.  Its implementations can be seen, for example, in property and real estate 

analysis, equity market, stock market, corporate bonds market, credit risk 

management, asset business, portfolio analysis and several others financial 

industries. 

 

Since three decades ago numerous studies on stability of correlation structure 

has been developed from time to time.  For instance, Cho and Taylor (1987), 

Kaplanis (1988),  Erb et al. (1994), Longin and Solnik (1995), Tang (1995a), Meric 

and Meric (1997), Sinclair et al. (1997), Lee (1998), Tang (1998), Rey (2000), 

Chesnay and Jondeau (2001), Chakrabati and Roll (2002), and Da Costa Jr. et al. 

(2005).  All of them study the stability of correlation structure among stock returns. 

 

Additionally, the same analysis can also be found in Eichholtz (1995) and 

Deblauwe and Le (1997) who stress on credit risk and portfolio analysis, 

respectively. It is followed by Goetzmann et al. (2005) who concern about global 

market correlation structure, Annaert et al. (2003) who focus their work on the 

stability of covariance and correlation structures based on small samples, and Ragea 

(2003) who shows that the correlation stability is of vital importance in market risk 

management and asset management. Moreover, Koch & Koch (1991), Gande and 

Parsley (2005) and Fischer (2007) are other examples that can be added into the list 

of implementation in testing the stability of correlation structure. 

 

Basically, the theoretical perspective comes earlier than the application.  

There are so many theoretical aspects that have to be considered for the improvement 

concurrently with the development of technology and the demand to be working with 

high dimension database as well. See also Schott (2001) for some tests of the 

covariance stability when sample are independent and Cook et al., (2002) for a study 

on the stability of correlation matrices based on time series data. Later on, in 2007, 

Schott present a discussion of the correlation structure stability when samples are 

dependent (Schott, 2007a). Another discussion by Schott can be found in Schott 
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(2007b) for a test of the equality of covariance matrices when the dimension is large 

relative to the sample size. It can also be discovered in Chilson et al. (2006) for the 

discussion on parallel computation of high dimensional robust correlation matrices. 

In this thesis, we consider the case where the sample correlation matrices are 

independent to each other. 

  

 Correlation structure can be considered as covariance structure when all 

variables have variance 1.  Therefore, testing the stability of correlation structure is a 

special case of testing the stability of covariance structure.  Both tests are very well 

established but in different field of study.  The former is accepted in financial 

industries as we discuss, and the later is in manufacturing industries.  However, the 

later came first into practice and it has been familiar to the practitioners. The 

classical statistical book, Anderson (1958), is among those which presents an early 

development of testing method for the stability of covariance structure.  Incidentally, 

if the stability of correlation structure is rejected, it does not guarantee that the 

stability of covariance structure would also be rejected (Gibbons, 1981; Tang, 1995b; 

Lee, 1998; Djauhari and Herdiani, 2008).  

 

To test the stability of covariance matrix, the most popular and widely used 

statistical tests are Box’s M statistic and Jennrich’s statistic. We call them as M-

statistic and J-statistic.  See, for example, Cho and Taylor (1987), Meric and Meric 

(1997), Sinclair et al. (1997), Tang (1998), Rey (2000), Meric et al. (2001), Da Costa 

Jr et al. (2005), Goetzmann et al. (2005), Annaert et al. (2006) and Lee (2006). 

Those tests apply to a sequence of independent samples of correlation matrices 

drawn from a p-variate normal distribution.  They are constructed based on 

likelihood ratio test where their distributions under the null hypothesis were derived 

for asymptotic case.  Furthermore, by construction, those tests are to test the 

correlation stability simultaneously. 

 

Theoretically, both statistics can be used for arbitrary value of p. However, in 

financial market p is usually large and might be of order of thousands. This condition 

makes the computation of those statistical tests quite cumbersome and tedious 

because the computational efficiency of the determinant and inverse of correlation 

matrix becomes low (Djauhari, 2007; Djauhari and Herdiani, 2008). 
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Concerning the hypothesis formulation, the existing statistical tests are 

designed to test the equality of several correlation matrices simultaneously, i.e  

0H :  1Ω =  2Ω =…=  mΩ  (=  0Ω , say) based on independent samples.  However, 

based on the Multivariate Statistical Process Control (MSPC) approach, this test can 

be done as repeated tests, i.e 0H :  kΩΩΩΩ =  0ΩΩΩΩ . Thus, in this case the control charting 

procedure can be used as proposed by Alt and Smith (1988), Wierda (1994), Woodall 

and Montgomery (2005) and Djauhari (2005), but needs to construct a new test.  This 

is one of the crucial problems to be explored in-depth and handled. 

 

Next problem is to diagnose and find the root causes when the null hypothesis 

is rejected. One of the most widely used methods to study the change of correlation 

structure is principle component analysis (PCA) (Johnson and Wichern, 2002).  See 

also Oyama (1997) and Meric et al. (2001), for the application of this methodology 

to study the changes in the co-movement patterns.  In this thesis, by considering 

correlation matrix as representing a network, network topology approach will be 

employed. It can be used to explain to what extend that two or more correlation 

structures are different from each other (Mantegna and Stanley, 2000).  This 

approach is the standard practise in network analysis and generally in complex 

system analysis where the information in the network is filtered by using minimum 

spanning tree (MST) which provides the filtered network topology, and sub-

dominant ultrametric (SDU) which gives the hierarchical clustering of financial 

objects.  

 

Nowadays, network analysis approach has been accepted to study financial 

objects.  This approach has been investigated seriously by econophysicists who solve 

the economic problems based on the theory of physics.  It starts with Mantegna 

(1999) who introduces MST and hierarchical tree as an approach to filter the 

economic information contained in a correlation matrix.  Since then, there are 

numerous related studies have been developed including Djauhari (2012) who 

introduces the forest of all minimum spanning trees as a robust filter.  Other 

examples include, Bonanno et al. (2002). Miccichè et al. (2003), Tumminello et al. 

(2007), Tabak et al. (2010), and Zhang et. al (2011) who investigate the network of 

stocks based on MST.  Other application of MST can also be found in Naylor et al. 
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(2006), Mizuno et al., (2006), Gorski et al. (2008), Kwapień et al. (2009), and Jang 

et al. (2011) who study foreign exchange rate.  Meanwhile, Onnela et al. (2003) has 

been working in portfolio analysis, Sieczka and Holyst (2009) in commodity market, 

and Di Matteo et al. (2010) in money and capital market interest rate.  

 

Finally, before closing the thesis with some conclusions and outlooks, some 

illustrative examples in financial market will be presented to demonstrate the 

mechanism of the proposed statistical test.  

 

 

1.2 Problem Statement 

 

In practice, in financial market, p is large. In this area, p represents the 

number of stocks market which is not always less than the number of historical 

returns per stock.  There can be over a thousand stocks, p to choose from, but rarely 

more than 10 years of monthly data, n data (i.e p =1000, n =120).   

 

However, both M-statistic and J-statistic have the following properties: 

 

i. They are to test the equality of some correlation matrices 

simultaneously based on independent samples. 

ii. They involve the determinant or inverse of a matrix such as 

correlation matrix. 

 

In financial market, the properties are not quite advantageous because: 

 

i. Simultaneous test cannot provide the information about which 

correlation matrix (ces) are different from the other. 

ii. The number of variables is usually large of order of thousands.  

Therefore the use of determinant or inverse of a correlation matrix is 

quite cumbersome. 
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This thesis is to handle these obstacles.  Since the samples are independent, 

instead of using simultaneous test, according to MSPC approach we use repeated 

tests.  Therefore the problem in this thesis consists of: 

 

i. The construction of a new test. 

ii. Mathematical derivation of the distribution of that test under the null 

hypothesis. 

iii. The investigation of the power of test and compare with that of M-

statistic and J-statistic. 

iv. Finding the root causes if at certain repetition the null hypothesis is 

rejected. 

 

 

1.3 Research Objective 

 

According to the research problems mentioned in Section 1.2, the following 

objectives need to be accomplished: 

 

i. Construct a new statistical test. 

ii. Derive the asymptotic distribution of ( )2
UV R . 

iii. Perform a power of test by using simulation study in order to compare 

the sensitivity of the proposed statistic with the existing ones. 

iv. Propose a procedure based on network topology approach for 

identifying the root causes of correlation structure instability. 

v. Propose a new centrality measure to aid the interpretation of network 

topology. 

vi. Perform the illustrative example using financial market case study. 
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1.4 Research Significance  

 

This thesis is theoretical in nature without neglecting its application. The 

significance results of this research can be summarized as follows: 

 

i. A statistical test has been introduced that can be used for large p. 

ii. A mathematical derivation of the asymptotic distribution under null 

hypothesis. 

iii. The power of test based on a simulation experiment for certain 

condition of alternative hypothesis. 

iv. In case the null hypothesis is rejected, since p is large, network 

analysis using MST is very helpful to understand the shift of 

correlation structure. 

v. Knowledge development presented in this thesis, in the theory of 

correlation analysis, will hopefully contribute to the area of financial 

market analysis.   

 

 

1.5 Scope of Research 

 

The scope of this research was to construct the new statistical test for testing 

the stability of correlation structure when several independent samples are taken 

from multivariate normal distribution. In addition, the research study is delimited to: 

i. a mathematical derivation based on its asymptotic distribution,  

ii. a simulation study to show the performance of proposed test and the 

existing tests, and 

iii. a practical aspect in financial market. 
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1.6 Organization of Thesis 

 

The research progresses as follows.  The following Chapter 2 is devoted to a 

review of correlation coefficient, stability test and its application in financial market, 

and the application on network topology. Chapter 3 describes the proposed statistic 

and its asymptotic distribution, and the computation of the covariance matrix of 

sample correlation matrix.  Later, Chapter 4 discusses the power of the proposed test 

and existing tests.  Next in Chapter 5, discussion begins with some preliminary, the 

details on network approach and centrality measure.  The proposed measure of 

centrality also has been included in this chapter.  In Chapter 6, the examples on 85 

stocks market traded at Bursa Malaysia and 74 foreign exchange rates (FOREX) are 

delivered for illustration.  At the end of this chapter, a conclusion and outlooks for 

future research has been concluded and the direction for further research will be 

delivered. 
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